We study the beam spin asymmetry A sin φ h LU in semi-inclusive electroproduction of neutral pion contributed by the T -odd twist-3 distribution function g ⊥ (x, k k k 2 T ). The distributions for the u and d quarks inside the proton are calculated in a spectator model including the scalar and the axialvector diquark components. Using the model results, we estimate the asymmetry A sin φ h LU in ep → e ′ π 0 X process in which the lepton beam is longitudinally polarized. The model prediction is compared with the data measured by the CLAS and HERMES Collaborations, showing that our numerical results agree with the experimental data reasonably. We also make a prediction on the beam spin asymmetry in π 0 electroproduction at CLAS12 using the same model calculation.
Introduction
Recently substantial single spin asymmetries (SSAs) have been measured in semi-inclusive deep inelastic scattering(SIDIS). In the particular case of a longitudinally polarized beam colliding on an unpolarized target [1, 2, 3] , an asymmetry with sin φ h modulation, the so-called beam SSA, emerges. A new source contributing to the beam SSA has been identified, either from the model calculations [4] or from the updated decomposition of the unpolarized quark-quark correlator [5] , where the twist-3 TMD g ⊥ (x, k k k 2 T ) plays a crucial role. We present an analysis on the beam SSA A sin φ h LU in neutral pion production, based on the effect from g ⊥ . To this end we calculate g ⊥ for the u and d quarks inside the proton, using a spectator model including both scalar and axial-vector diquarks. We adopt a specific model given in Ref. [6] . Using the calculated g ⊥u and g ⊥d , we estimate the beam SSA in neutral pion production at the kinematics of CLAS, which has measured the beam SSA recently with high precision [3] . We also make a comparison between our calculation and the π 0 data measured by the HERMES Collaboration [2] for further testing. Finally, we present the prediction of A sin φ h LU for π 0 production at CLAS12.
g ⊥ of the proton in spectator model with an axial-vector diquark
The starting point to calculate g ⊥ (x, k k k 2 T ) is the gauge-invariant quark-quark correlator for the unpolarized nucleon 
Here, we extend the calculations in Ref. [8] using the spectator model with an axial-vector diquark to obtain g ⊥ for both the u and d quarks. We perform the calculation following the way used in [6] and choose the form for polarization sum of the axial-vector diquark d µν adopted in [7] . After performing the integrations over k − and the momentum of the exchanged soft gluon to obtain the correlator in the spectator model, we arrive at the expressions [9] for the distribution g ⊥ from the scalar (denoted by s) and the axial-vector diquark components (denoted by v) by using Eq. (2.2),
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Beam spin asymmetry of neutral pion in semi-inclusive electroproduction Zhun LU The function g ⊥ for the u and d quarks can be constructed by g ⊥s and g ⊥v following the approach in Ref. [6] . For the parameters needed in the numerical calculation, we also adopt the fitted results from the same reference. The quark mass is chosen as m = 0.3 GeV. To convert our calculation to real QCD, we use the replacement e q e X 4π → −C F α s for the combination of the charges of the quark q and the spectator diquark X , and choose α s ≈ 0.3 in our calculation. In the left panel of Fig. 1 , we plot the functions xg ⊥u (solid line) and xg ⊥d (dashed line) vs k T at x = 0.3, while in the right panel, we display the x dependence at k T = 0.3 GeV. As we can see from Fig. 1 , the dominance of u quark contribution is evident in the adopted spectator model, and the x and k T dependencies of the u and d quark distributions are different.
Numerical results for beam spin asymmetry
The beam-spin asymmetry A sin φ LU in single-pion production off an unpolarized target is expressed as
for the P T -dependent asymmetry. The x-dependent and the z-dependent asymmetries can be defined in a similar way. Here F UU and F sin φ h LU are the helicity-averaged and the helicity-dependent structure functions, respectively. In the parton model, the two structure functions in Eq. (3.1) can be expressed as the convolution of TMD DFs and FFs, based on the tree-level factorization adopted in Ref. [10] .
To do the calculation on the beam SSA in semi-inclusive pion electroproduction contributed by the g ⊥ D 1 term, we neglect the quark-gluon-quark correlators for FFs and consider merely the beam SSA of the π 0 production. Since the favored and the unfavored Collins functions have similar sizes but opposite signs [11] , we have H
)/2 ≈ 0 for the π 0 FF. Thus, in the following calculation, we can just take into account the term g ⊥ D 1 and obtain
whereP P P T =
P T P T
with P T = |P T |. For the unpolarized TMDs f q 1 (x, k 2 T ), we adopt the results from the same spectator model calculation [6] for consistency.
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Beam spin asymmetry of neutral pion in semi-inclusive electroproduction
Zhun LU To perform the numerical calculation on the asymmetry A sin φ h LU in π 0 production at CLAS, we adopt the following kinematical cuts [3] :
where M x (eπ 0 ) are the missing-mass values for the eπ 0 system. Finally, in our calculation, we consider the following kinematical constraints on the intrinsic transverse momentum of the initial quarks [12] .
The left panel of Fig. 2 shows the results [9] of the beam SSA A sin φ h LU for π 0 production as a function of x. In the right panel of Fig. 2 , we display the same asymmetry as a function P T . From the comparison between the theoretical calculation and the CLAS data, we conclude that the g ⊥ D 1 term can account for the beam SSA in π 0 production at CLAS in the regions x and P T are not large (x < 0.4 and P T < 0.5 GeV).
Furthermore, we also compare our calculation of the A sin φ h LU with the data measured by the HERMES Collaboration using a 27.6 GeV positron beam. In addition, the following kinematics are applied in the calculation [2] 0.023 < x < 0.4, 0 < y < 0.85, 1GeV 2 < Q 2 < 15 GeV 2 , 
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Beam spin asymmetry of neutral pion in semi-inclusive electroproduction Zhun LU where P h is the energy of the detected final-state π 0 in the target rest frame. In the left panel of Fig. 3 , we show the asymmetry and compare it with the HERMES data [2] . It is found that the theoretical curves agree with the experimental data within the statistical uncertainty, and the calculation without the constraints describes the data in the smaller x region better. Finally, we present the prediction for the asymmetry A sin φ h LU at CLAS12 (shown in the right panel of Fig. 3) . The kinematical cuts applied in the calculation are 0.08 < x < 0.6, 0.2 < y < 0.9, 0.3 < z < 0.8,
Our calculation shows that the beam SSA at CLAS12 is smaller than that at CLAS, but is still sizable. Also, our result indicates that there is no obvious z dependence of the asymmetry in π 0 production. Therefore, the precision measurement of the z dependence of A sin φ h LU in π 0 electroproduction at CLAS12 can verify the role of g ⊥ in beam SSA.
Conclusion
In this work, we have performed a calculation on the T -odd twist-3 TMD distribution g ⊥ (x, k k k 2 T ) for u and d quarks inside the proton in a spectator model with scalar and axial-vector diquarks. We found that g ⊥u and g ⊥d have different x and k T dependencies. Using the model results, we analyzed the beam SSA A sin φ h LU in semi-inclusive pion electroproduction. The comparison between our theoretical calculation and the data indicates that the g ⊥ D 1 term can account for the beam SSA in π 0 production measured by the CLAS Collaboration in the region x < 0.4 and P T < 0.5 GeV, where our theoretical curves describe the data fairly well. In addition, our calculated asymmetry at the HERMES kinematic region is consistent with the HERMES measurements after the error bars of the data are considered. Our study suggests that the T -odd twist-3 distribution g ⊥ plays an important role in the beam SSA in SIDIS, especially in the case of neutral pion production.
